ABSTRACT This experiment was carried out to investigate effects of maternal ME and CP levels on growth performance, carcass traits, and meat quality of broiler offspring. A total of 1,134 thirty-week-old Chinese Yellow broiler breeders was randomly assigned to 3 dietary ME levels (11.09, 11.51, and 11.92 MJ/kg) and 3 CP levels (15.5, 16.5, and 17.5%) in a 3 × 3 factorial arrangement. Each dietary treatment had 6 replicates with 21 hens per replicate. At 39 wk of age, 30 settable eggs per replicate were selected for hatching. All broiler offspring were fed the same diets. There were significant ME × CP interactions in egg CP and ether extract (EE) contents, BW at d 1, 22 to 42 d ADG, ADFI during 1 to 21 d and 43 to 63 d, shear force, plasma albumin, cholesterol, and triglycerides contents of broiler offspring. Dietary ME at 11.92 MJ/kg increased average egg weight, egg EE content, and broiler 1-d-old BW compared with 11.09 MJ/kg group at 16.5%, 15.5%, and 17.5% CP levels, respectively (P < 0.05). Maternal 11.51 and 11.92 MJ/kg of ME increased 1 to 21-d ADFI, and 11.51 MJ/kg of ME decreased lightness (L*) value of broiler offspring compared with 11.09 MJ/kg group at 17.5 and 16.5% CP levels, respectively (P < 0.05). Broiler breeder dietary CP at 17.5% decreased egg EE content, increased average egg weight, egg CP content, BW at d 1, and 1 to 21-d ADFI of broiler offspring compared with 15.5% CP group at 11.92 MJ/ kg of ME level (P < 0.05). Maternal dietary 15.5% CP increased dressing percentage and decreased yellowness (b*) value of broiler offspring compared with 16.5% and 17.5% CP groups at 11.51 MJ/kg of ME level, respectively (P < 0.05). Collectively, the results indicate that maternal diets composed of 11.51 to 11.92 MJ/kg of ME and 17.5% CP at 39 wk of age increased growth performance during 1 to 21 d in Chinese Yellow broiler, whereas 11.51 MJ/kg of ME and 15.5% CP improved carcass dressing percentage and meat color of their offspring.
INTRODUCTION
Energy and protein, the most important factors affecting feed cost in hens' diets , play significant roles in optimal laying performance (Lopez and Leeson, 1995; Wilson, 1997) as well as their subsequent offspring quality and performance (Kidd, 2003; Calini and Sirri, 2007) . Previous studies showed that maternal lower dietary energy could affect embryonic metabolism (Enting et al., 2007a) , growth development (Enting et al., 2007b) , and market age live weight (Peebles et al., 2002) in commercial fast-growing chicks and even affect meat tenderness of Lean line broilers (Xu et al., 2010) . Rao et al. (2009) reported that maternal low-protein diets had long-lasting effects on posthatch growth of Langshan chick offspring. Chinese Yellow broiler is a quality meat-type chicken with slower growth rate compared with commercial fast-growing chicks , marketed at 63 d with a BW of around 2 kg. No available data were found concerning the interaction effect of energy and protein in broiler breeder diets on their offspring performance. Manipulations of maternal dietary energy and protein nutrition for better chick performance will provide nutritionists new insights into formulation decisions. Therefore, this study was carried out to investigate the interactions of maternal dietary ME and CP level in Chinese Yellow broiler breeder on growth performance, carcass traits, meat quality, and plasma biochemical parameters of their broiler offspring. 
MATERIALS AND METHODS

Birds and Dietary Treatments
The experimental protocol was approved by Animal Care and Use Committee of Institute of Animal Science, Guangdong Academy of Agricultural Sciences, China.
A total of 1,134 Chinese Yellow female broiler breeders and 120 male broiler breeders at 30 wk of age was obtained from a local hatchery (Guangdong Wiz Agricultural Science & Technology Co. Ltd., Guangzhou, China). The hens were randomly assigned into 9 dietary treatments in a 3 × 3 (ME × CP) factorial arrangement, with dietary ME levels at 11.09, 11.51, and 11.92 MJ/kg and CP levels at 15.5, 16.5, and 17.5%, respectively. Each dietary treatment had 6 replicates with 21 hens per replicate (pen). The 9 experimental diets (Table 1) were formulated to meet or exceed Chinese Yellow broiler breeder nutrient requirements of China recommended by Ministry of Agriculture of the People's Republic of China (2004) . Male breeders were fed a commercial diet (Guangdong Newland Limited Company, Guangzhou, China). Breeder hens were housed in cages with 3 birds per cage (39 × 40 × 41 cm). Male breeders were caged individually (27.86 × 45 × 50 cm). All breeders received 130 g of diet per bird every day and had ad libitum access to fresh water. Breeder hens received artificial insemination of 25 μL pooled semen per bird every 3 d. The broiler breeder experiment lasted 10 wk. All birds received 16 h of lighting daily from 0600 h to 2200 h. Room temperature and RH were recorded daily.
At 39 wk of age, a total of 1,620 settable eggs (30 eggs per replicate consisting of equal numbers from each day) was collected for 4 consecutive days, labeled and weighed individually, and stored at 15°C before incubation. Settable eggs consisted of all eggs, excluding small, double-yolk, and abnormal eggs (Fakhraei et al., 2010) . After disinfection with 30 mL of 10% formalin and 15 g of potassium permanganate per m 3 for 30 min in a confined room, eggs were incubated in a commercial tunnel incubator (XDZ90720, Xingyi Electronic Equipment Co. Ltd., Qingdao, China) with randomized location. On d 19 of incubation, infertile eggs and dead embryos were removed, and the survived embryos were incubated for 2 more days in another commercial hatcher (XDM15120, Xingyi Electronic Equipment Co. Ltd.). At hatching, chicks were feather-sexed and weighed individually. Because the local rearing facility was limited, 155 healthy chicks within the 6 replicates of the same breeder group were re-randomized into 5 replicates (pen), with 31 birds per replicate (pen) (16 male chicks and 15 female chicks, respectively). Broilers were placed in floor pens of 1.3 m × 3.5 m at 32°C. Room temperature was gradually decreased by 1°C each 3 d to 22°C. Wood shavings were used as bedding material. All broiler chickens were given the same diets ( 
Measurements
Egg Weight, CP, and Ether Extract Contents in Eggs. Average egg weights were determined daily on pen basis. At the end of 39 wk of age, 4 eggs from each replicate were selected for determination of egg CP and ether extract (EE) contents according to AOAC (1990) methods.
Growth Performance of Broiler Offspring. Broiler offspring were weighed at 0, 21, 42, and 63 d of age per replicate (pen), and feed consumption was recorded accordingly. The ADG, ADFI, and G:F were also determined for each period on pen basis.
Carcass Traits and Meat Quality. At 63 d of age, 2 female broilers and 2 male broilers with BW similar to average pen weight were selected for measurement of carcass traits. After 12 h of withdrawal of feed and water, birds were slaughtered and dissected. Half-eviscerate percentage and eviscerate percentage were calculated according to the methods recommended by Chinese National Poultry Breeding Committee (1984) . The pH value, meat color (L* = lightness, a* = redness, and b* = yellowness), and shear force of breast muscle were measured immediately after slaughter according to the methods described by Jiang et al. (2007) . Muscle fiber diameter and intramuscular fat of breast were determined as Jiang et al. (2011) described.
Plasma Biochemical Parameters of Broiler Offspring. Blood samples of broiler offspring at 63 d of age were obtained via wing vein punction and were centrifuged for 10 min at 1,320 × g at 4°C to get plasma samples. Plasma samples were stored at −20°C until analysis. Plasma albumin, cholesterol, and triglycerides contents were measured by an automatic biochemical analyzer (Spotchem EZ SP-4430, Arkray, Japan).
Statistical Analysis
Data were subjected to 2-way ANOVA analysis using the GLM procedure of SAS Institute (2003) to analyze the main effects of maternal ME and CP levels and their interactions. When interactions were significant, means were compared by Duncan's multiple range comparisons. Replicate (pen) was considered as the experimental unit for statistical analysis. Differences among treatments were considered statistically significant at P < 0.05.
RESULTS
Egg Weight, CP, and EE Contents in Eggs
There was a significant ME × CP interaction on egg CP (P = 0.0436) and EE contents (P = 0.0351) at 39 wk of age (Table 3 ). Higher ME (11.51, 11.92 MJ/ kg) diets increased egg weight compared with lower ME (11.09 MJ/kg) diets when dietary CP level was at 16.5% (P < 0.05). Broiler breeders fed diets with higher ME (11.92 MJ/kg) increased egg EE content compared with the other 2 ME (11.09, 11.51 MJ/kg) diets when dietary CP level was at 15.5% (P < 0.05). Dietary CP level at 17.5% increased (P < 0.05) egg weights and egg CP contents compared with 15.5% CP level when ME levels were at 11.09 MJ/kg and 11.92 MJ/kg, but not at 11.51 MJ/kg ME level. There was no significant difference between 15.5% CP and 17.5% CP in egg EE content except for the 11.92 MJ/kg ME level. 
Growth Performance of Broiler Offspring
There were significant interactions between maternal ME and CP on offspring chicken BW at d 1 (P = 0.0254), ADG during 22 to 42 d of age (P = 0.0228), and ADFI during 1 to 21 d of age (P < 0.0001) and during 43 to 63 d of age (P = 0.0483; Table 4 ). Maternal 11.92 MJ/kg ME level increased (P < 0.05) BW of 1-d-old broilers compared with 11.09 MJ/kg ME level only at 17.5% CP level. Maternal ME of 11.51 and 11.92 MJ/kg increased (P < 0.05) ADFI during 1 to 21 d of age compared with ME of 11.09 MJ/kg at maternal dietary CP of 17.5% but not at the other 2 CP levels. Maternal dietary CP at 17.5% increased (P < 0.05) broiler offspring BW at d 1 and ADFI during 1 to 21 d of age compared with 15.5% CP group at 11.92 MJ/kg ME level.
Carcass Traits and Meat Quality of Broiler Offspring
There were no significant effects of ME and CP and no interactions of ME × CP on half-eviscerate percentage, eviscerate percentage, breast muscle percentage, thigh muscle percentage, and abdominal fat percentage of breast muscle among broiler breeder treatments (Table 5 ). Carcass dressing percentage of broilers from breeders fed 15.5% CP diet was higher (P < 0.05) than that of broilers from breeders fed 16.5% CP diets when maternal dietary ME level was 11.51 MJ/kg. Maternal ME level did not affect carcass dressing percentage of broiler offspring within any CP level (P > 0.05).
There were no significant effects of ME and CP and no interactions of ME × CP on pH value, a* value of meat color, intramuscular fat, and fiber diameter in breast muscle of broiler offspring among broiler breeder treatments (Table 6) . A significant ME × CP interaction was observed in shear force of breast muscle in broilers at 63 d of age (P < 0.05). Broilers from breeders fed 11.09 MJ/kg ME diets had higher (P < 0.05) L* value of breast muscle than those from breeders fed 11.51 MJ/kg ME diets when maternal dietary CP level was at 16.5%. Maternal CP level did not affect L* value of breast muscle in broiler offspring within any ME level (P > 0.05). Broilers from breeders fed 17.5% CP diets had a higher (P < 0.05) b* value of breast muscle than those from breeders fed 15.5% CP diets when maternal dietary ME level was 11.51 MJ/kg. Maternal ME level did not affect the b* value of breast muscle in broiler offspring within any CP level (P > 0.05).
Maternal diet of 11.51 MJ/kg ME and 15.5% CP produced broiler offspring with a higher carcass dressing percentage than those fed diet of 11.51 and 16.5% CP (P < 0.05). Maternal diet of 11.51 MJ/kg ME and 15.5% CP decreased L* value and b* value of breast muscle in broiler offspring compared with treatment of 11.09 MJ/kg ME and 16.5% CP, and treatment of 11.51 MJ/kg ME and 17.5% CP, respectively (P < 0.05).
Plasma Biochemical Parameters of Broiler Offspring
There were significant effects of CP as well as interactions between maternal ME and CP on plasma albumin, cholesterol, and triglycerides contents in broiler offspring (Table 7 ; P < 0.05). Maternal dietary CP at 17.5% increased plasma albumin, cholesterol, and triglycerides contents in broiler offspring compared with 15.5% CP level at 11.09 MJ/kg ME (P < 0.05). Maternal dietary CP at 16.5% increased plasma albumin, cholesterol, and triglycerides contents in broiler offspring compared with 15.5% CP level at 11.92 MJ/kg ME (P < 0.05).
DISCUSSION
A novel finding of the present study was that significant maternal dietary ME × CP interaction effects were observed in growth performance, meat quality, and plasma parameters of broiler offspring. Previous studies showed that the interaction effects of energy and protein levels significantly affected performance of laying hens (Reid and Maiorino, 1980) and 21-d-old Peking ducks (Zhao, 2010) as well as muscle fiber diameter and density of sucking pigs . Zhang et al. (2011) noted a significant interaction between energy and protein on average feed intake and feed-to-egg ratio for layers under heat stress condition. The main effects Means within a row without a common superscript are significantly different (P < 0.05). of maternal dietary energy or protein nutrition on birth weight and growth potential of their offspring have also been reported (Gardner et al., 1997; Metges, 2001; Enting et al., 2007a,b) . Maternal protein supply during gestation affected various molecular pathways in adipose tissue of newborn piglets (Sarr et al., 2010) . Low protein intake of pregnant rodents had a permanent effect on the growth capacity of their offspring (Strakovsky et al., 2010) and resulted in low birth weight offspring (Gardner et al., 1997; Hales and Ozanne, 2003) . Metabolic programming studies also showed that prenatal exposure to higher protein or energy intake induced lower birth weights in domestic animals (Metges, 2001) . However, no available data were found concerning the interactions of maternal dietary energy and protein levels on the growth performance, carcass traits, and meat quality of their offspring. To our expectation, there was a significant ME × CP interaction in BW at d 1, ADG during 22 to 42 d of age, ADFI during 1 to 21 d of age and 43 to 63 d of age of broiler offspring. We found that high maternal ME (11.92 MJ/kg) and CP (17.5%) increased BW at d 1 and the 1 to 21-d ADFI of offspring, but the difference disappeared at d 42 and d 63. Leeson (1994, 1995) reported that chick weight at hatching from broiler breeders fed lower CP (9-12%) diets were significantly lower than those from birds fed higher CP (13-16%) diets, but their chick weight at 49 d was no longer apparently different. Our results were in accordance with the results of Triyuwanta et al. (1992) that the effect of maternal diets tended to disappear as offspring ages increased. The present results indicated that maternal dietary higher ME nutrition at 39 wk of age could maximize 1 to 21-d growth performance of their offspring chicks at higher CP level. The same was true for maternal CP effects. Nevertheless, Proudfoot and Hulan (1987) reported that parental diets did not affect progeny weights or feed conversion. No significant difference was observed in 1-d-old chicken BW, daily gain, and G:F in broiler offspring from Lean line broiler breeders fed normal energy or 20% lower energy diets (Xu et al., 2010) . Early work by Spratt and Leeson (1987) also showed that both dietary energy and protein intake of Hubbard broiler breeders had a limited effect on BW of offspring. Enting et al. (2007a,b) demonstrated that egg weight, albumen to yolk ratio, and embryonic development were increased when breeders received low density diets (9.20 or 9.50 MJ/kg ME) instead of normal density diets (11.70 MJ/kg ME). In the current study, egg weight and growth performance of subsequent offspring between 1 and 21d were improved with the increase of energy and protein level in Chinese Yellow broiler breeder diets. Contradictory results of different studies may be due to the differences in hen breeder strains and ages, experiment diets, feed and management protocols, and environmental factors. Taken together, the present results suggest dietary higher ME and CP nutrition in Chinese Yellow broiler breeders at 39 wk of age may have a beneficial effect on subsequent chick growth and development at early growth stage (1-21 d) . Recently, there is growing interest in manipulation of maternal dietary nutrition to improve broiler quality and carcass composition (Romero et al., 2009; Xu et al., 2010) . Romero et al. (2009) reported that dams with a high maintenance requirement produced progeny with greater breast yield and tenderness. The offspring of broiler breeders fed a low energy density diet had higher thigh muscle percentage, higher density of breast and thigh muscle fiber, and lower shear force and diameter of breast and thigh muscle than those fed a normal energy diet (Xu et al., 2010) . This discrepancy may be due to smaller magnitudes of selected ME treatments (11.09, 11.51, and 11.92 MJ/kg) in the current study compared with the other study (9.40 and 11.71 MJ/kg; Xu et al., 2010 ). In the current study, shear force, together with intramuscular fat content and diameter of breast muscle, were not affected by maternal ME or CP levels. Peebles et al. (1999b Peebles et al. ( , 2002 demonstrated that older breeders (63 wk old) produced greater subsequent broiler slaughter yields, and broiler breeder diets supplemented with less saturated fat (corn oil) increased subsequent 43-d live BW and chilled carcass yields compared with added saturated fat (lard), probably due to the changes of fatty acids deposited in eggs. Even though we did not find main effects or interactions in most studied carcass traits of broiler offspring among broiler breeder treatments, we did show that maternal diets of 11.51 MJ of ME/kg and 15.5% CP in Chinese Yellow broiler breeders at 39 wk of age resulted in better dressing percentage and meat color of broiler offspring. We also observed interaction effects of maternal ME and CP in plasma albumin, cholesterol, and triglycerides of broiler offspring. Increasing maternal dietary CP level only without the decrease of maternal ME levels did not facilitate the production of plasma albumin, whereas maternal CP level only improves plasma cholesterol and triglycerides of broiler offspring at maternal ME level of 11.92 MJ/ kg. This indicated that maternal CP nutrition could improve the metabolism of broiler offspring and finally contribute to an improvement of their growth performance and carcass traits, which were dependent on maternal ME levels.
Previous studies suggested that there was a high positive relationship between egg weight and chick weight at hatching (Shanawany, 1984; Wilson, 1991) and chick growth (Peebles et al., 1999a) . Maternal nutrition would be deposited in egg yolk and egg albumen (Nasr et al., 2011) as well as in eggshell at the time of egg formation (Richards, 1997) and delivered to the embryo for growth and development during incubation. The egg yolk and albumen provide the developing embryo and the hatched chick with nutrients, water, and minerals for normal growth (Nasr et al., 2011) . Roles of egg proteins are principally involved in providing and transporting nutrients and protection for the developing embryo (Stevens, 1996) . In the current study, we found ME × CP interaction in egg weight of broiler breeders was near significant. The present finding was similar to the results of Brake et al. (1985) , who found a significant protein × energy interaction on egg weight of broiler breeder during 25 to 44 wk of age. This suggested that both dietary energy and protein are important to optimize egg weights (Wu et al., 2005) . We collected eggs from each pen before incubation and further analyzed the whole egg composition. Our results showed that the egg EE and CP concentrations were significantly affected by maternal dietary ME and CP level as well as their interactions. The significant interactive effects between protein and energy indicated the importance of a balanced energy to protein ratio to achieve optimum broiler performance (Jackson et al., 1982) . Previous studies showed that an increase of maternal dietary energy may improve the posthatching growth of their offspring by enhancing yolk sac weight and nutrients availability (Wilson, 1991) . Enting et al. (2007b) noted that the digestible nutrient intake levels in broiler breeders might be more important than changes in albumen:yolk and embryonic development to improve feed intake and growth rate of their offspring. The increase of dietary methionine levels led to higher albumen component and yolk mass yields as well as higher yolk CP levels in eggs (Shafer et al., 1998) . Maternal low protein diet programmed posthatch growth of the offspring, which was associated with alterations in yolk leptin deposition and in yolk sac membrane and muscle gene expression (Rao et al., 2009 ). Therefore, the present study showed that maternal energy and protein nutrition may affect the subsequent broiler offspring performance probably by alterations of egg protein and fat deposition. However, further studies should be done to elucidate the underlying regulation mechanism of egg compositions on subsequent offspring development by altering broiler breeder nutrition.
In summary, our results indicated that maternal energy and protein could affect subsequent growth performance, carcass yield, and meat color in Chinese Yellow broilers. Chinese Yellow broiler breeder diets composed of 11.51 to 11.92 MJ of ME/kg and 17.5% CP at 39 wk of age increased progeny growth performance during 1 to 21 d, whereas maternal ME at 11.51 MJ/kg and CP at 15.5% improved carcass dressing percentage and meat color of their offspring. Based on our results, maternal energy and protein ratio should be considered when formulating broiler breeder diets for maximizing offspring performance. However, the recommendations of ME and CP for Leghorn White-Egg breeders were 12.13 MJ/kg and 15%, respectively (NRC, 1994) . The Ministry of Agriculture of the People's Republic of China (2004) recommended ME and CP requirements for Yellow broiler breeders during laying period at 11.51 MJ/kg and 16.0%, respectively. Apart from the differences of breeder strains and ages, the evaluation criteria of breeder nutrition requirements should also be accounted for in the discrepancy. Leeson (2010) pointed out that breeder nutrition requirements were mostly evaluated in terms of breeder performance, with less consideration for offspring performance. Further investigations into the nutrient requirements of modern broiler breeder genotypes should be evaluated in reference to both breeder performance and their offspring development.
